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Because the physical half-life of CU was thought to be of the order of 5000
years, work with this isotope in human volunteers has generally been withheld
until the last few years. Not until the administration of C'4 in animals revealed
the possibility that its biological half-life was considerably shorter (1, 2) was the
material combined with any chemicals for study in the human being. Bockage,
and Berlin et al (3, 4) in 1953 studied the distribution and ultimate excretion of
the isotope combined with glycine and with steroids, concluding that the bio-
logical half-life was of the range of 12 to 18 days. By the use of radioautography
they observed no dangerous concentration of the radioactive carbon in any
tissue and considered that no immediate side-effects were detectable following
its systemic administration.
No published work has as yet been recorded of the topical administration of
C'4 and, indeed, it was not until 1953 that any more complete and stable chem-
ical compound containing the isotope was prepared. Interest was, of course,
aroused when the topically applied hormones, such as hydrocortisone, came into
prominence as anti-inflammatory agents, and once a steroid of this nature, con-
taining C'4 had been prepared, this tool of radioactivity immediately offered
itself for the investigation of the local absorption, utilization and distribution of
this hormone in the skin particularly. Since histochemical methods of study of
this problem are as yet inadequate, it was felt that autoradiographic study of
these questions would constitute another visual implement in solving the prob-
lem of the action of hydrocortisone.
The study has accordingly been divided into two main parts:
A. An examination of the mode of absorption of C'4 hydrocortisone with ref-
erence both to its site and its rate.
B. A study of the influence of three variables upon the above mechanism
1. Thickness of skin.
2. Pre-treatment of the skin with ultraviolet and Grenz irradiation.
3. The type of vehicle used for the incorporation of the hormone.
MATERIAL AN!) METHODS
1. The normal skin of the upper back of human volunteers was used in all
the tests but one. Five biopsies were done on each of the 6 patients in the first
part of the investigation. 70 biopsies were performed in the second part of the
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study, including 2 cases of chronic neurodermatitis with lichenified skin areas
on their backs.
2. A 1 % hydrocortisone ointment was used as a carrier in all the experiments.
The base containing sodium lauryl sulfate, cetyl alcohol, glycerin, distilled
water used for most of the tests was an emulsion base. However, for that part of
the investigation concerned with the variations in the type of vehicle, 5 different
formulae were compared:
1.f Cetyl alcohol 11.7% 4. Glyceryl monostearate 0.100 gm
Waxes 5.18% Glycerin 0.250 gm
Propandiol 7.8% Veegum HV 0.020 gm
Sod. lauryl sulfate 1.56% Water 0.620 gm
Liquid paraffin 14.08
Water 59.68% 5. Ceramol 0.4%
Diethylenglycol stearate 2.0%
2.* Cetyl stearyl alcohol 27% Liquid petrolatum 3.0%
Sod. lauryl sulfate 3% Glycerol 5.0%
White petrolatum 70% Isopropyl alcohol 6.5%
Sodium methyl hydroxyde3. Same base with 20% water benzoate 0.15%
added Dist. water 73.0%
* The commercial base used in the hydrocortone ointment of Merck's Ltd., Canada.
f Courtesy of Wm. Wright & Company.
3. The radioactive hydrocortisone containing C'4 in the 4 position was ob-
tained through the courtesy of the United States Public Health Service and the
U. S. Atomic Energy Commission. Its purity has been estimated as 94% with
a specific activity of 1.49 mc/m.mole.
4. The radioactive hydrocortisone was mixed with the stable hydrocortisone
powder by mechanical shaking to give a concentration of 1 microcurie of C14
hydrocortisone per 1 milligram of the stable form. The resultant mixture was
then incorporated into the ointment base, and a total quantity of 50 mgm of the
ointment was massaged into an area of skin 1 square inch in size. The radio-
activity of a series of aliquots of the resultant ointment was checked with a gas-
flow counter. The application was covered with a cellophane patch and remained
on the skin for the total time of contact until removal. Subsequent removal of
the residual hormone containing ointment was accomplished using the suitable
solvent.
5. Biopsies (punch) were performed in all cases, removing a plug of tissue
0.5 cm. in diameter. These were fixed by frozen tissue technic, sectioned and the
resultant sections treated by the Pelc-Donash method of radioautography (5).
Radioautographic film-nuclear track A (Kodak) was used in some of the experi-
ments, but for most of the exposures Ilford stripping film was employed. The
average exposure-time necessary for most of the sections proved to Ie two
months. The prolonged exposure-time and under-cooling resulted in minor fis-
suring of some sections and subsequent artefacts, visible as air bubbles and black
sharply outlined dots, easily distinguishable from perivascular collections of C'4.
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PART IAN EXAMINATION OF THE MODE OF ABSORPTION OF C'4-HYDROCORTISONE
C'4 was demonstrable in all the radioautographs of normal skin after 1 hour.
As illustrated in Figure 1, one hour after the external application of radioactive
hydrocortisone, the material was shown to be distributed through the epidermis,
with slightly more dense accumulation near the surface. After two hours, there
was a high concentration of the material in the basal layer of cells. Dispersion of
C'4 was seen to have occurred through the dermis after six hours, with apparent
collection of the material around the blood vessels: the basal layer still contained
a quantity of the isotope however. After sixteen hours, little or no radioactive
partic'es remained in the sections of skin, suggesting the systemic absorption of
the C". It is interesting that, in a smaller group of tests, there appeared to be no
difference in the course of absorption of the hormone whether the ointment con-
taining it was allowed to remain on the skin surface two hours or six hours. That
is, once epidermal penetration had occurred, the process of subsequent absorp-
tion proceeded without interruption.
It would appear from these observations that hydrocortisone is fairly rapidly
absorbed and metabolized after its local application. It must be emphasized that
we can not state from these experiments whether the material, whose distribu-
tion we visualize, exists as C14-hydrocortisone, as C'4 divorced from the hydro-
cortisone moecue, or in both forms. Other experiments (6) with stable hydro-
cortisone suggested that there is a time ag after the first application of the
hormone during which further applications of the hormone will not increase or
prolong the initial effects. It is interesting that this time interval corresponds
approximately to that time necessary for the disappearance of the radioactive
material from its site of contact.
In those radioautographs taken early (2 hours) after the application of the
hormone, the material has obviously accumulated in the orifices of grands and in
hair follicles. However, it may be pointed out that, while there was a collection
of the tagged material in these sites, there does not seem to have been any more
rapid appearance of the C'4 in the cutis adjacent to these appendages, than in the
remainder of the cutis immediately subjacent to the epidermis on other sites.
This is of importance in considering the popular hypothesis that the main route
of absorption of hydrocortisone is via these structures. In other words, the
process of epidermal penetration appears to be no greater from the hair follicles
than from the rest of the epidermis.
PART Il—A STUDY OF THE INFLUENCE OF THREE VARIABLES UPON
THE ABSORPTION OF HYDROCORTISONE
A. Thickness of skin
Radioautographs of biopsy of sections were made after the two and six hours
periods, and the absorption of the C'4 hydrocortisone through normal and
through lichenified skin was compared. As illustrated in Figure 2, scarcely any
radioactive material is identifiable in the comparable specimens of lichenified
skin after two hours, while the hormone had penetrated the entire thickness of
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FIG. 2. A) Hematoxylin-eosin section of hyperkeratotic lichenified skin. B) Itadioauto-
graph demonstrating the minimal degree of penetration of C14 hydrocortisone through this
skin after two hours. C) Itadioautograph after six hours.
Comparison of these photos with Fig. 1 demonstrates the delay and reduction of pene-
tration in hyperkeratotic as compared to normal skin.
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FIG. 3. Effect of Grenz irradiation. A) Increased rate of penetration at two hour point, as
compared to normal skin. (Applied one hour before irradiation.) B) Similarly increased
penetration after six hours. (Applied one hour before irradiation.) Note heavy collection
around blood vessels. Bubbles to the left are artefacts. C) Normal rate of penetration
during the late erythema (four weeks after irradiation). Sharply outlined blobs in cutis are
artefacts. (Six hours.)
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epidermis iii normal skin. In six hours, however, there was some concentration of
C" in the epidermis of the lichenified skin, particularly the basal layer. Iii con-
trast, in the normal form the C'4 had by this time accumulated around the vessel
bundles in the cutis. This observation might be correlated with two clinical
facts—namely: topica' application of hydrocortisone is less effective in the treat-
ment of hyper keratotic or lichenifled skin than in normally thinner skin, and
secondly, it is notaUy less effective in the treatment of ksions of the palms and
soles.
B. Effect of pretreatment of the skin area with ultraviolet and Grenz irradiation
Since both ultraviolet and Grenz irradiation are frequently employed in the
treatment of lesions which have been found to respond well to hydrocortisone,
it was of some interest to us to determine the influence of erythema-producing
doses of these agents upon the penetration arid subsequent distribution of the
C14 hydrocortisone. The radioactive hormone was applied one hour before the
irradiation, and biopsies were performed one hour after the exposure of the rays
—a total of two hours from the original ointment application, arid before the
development of an erythema. A much more rapid penetration was rioted (Fig.
3, 4). In the irradiated areas, the C'4 may be seen to have accumulated about
the blood vessels of the cutis in two hours, whilst still wholly within the epidermis
of the control sites. Such an increased rate of absorption was demonstrable
up until the full development of the erythema in eighteen to twenty-four hours.
FIG. 4. Influence of ultraviolet irradiation thirty minutes after hormone application.
The skin to the left of the section has been irradiated with ultraviolet light and greater
quantitative penetration as well as increased depth of penetration of the tagged material
is clearly visible as compared to the untreated area to the right. (Biopsy done two hours
after topical application.)
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Beyond that point there was little difference in the pre-treated and untreated
sites. No alteration in the rate of absorption of the C'4-hydrocortisone was
noted during the late erythema associated with Grenz irradiation. This in-
creased rate of penetration of the hormone before the development of the visible
early erythema suggests that it is due as much to an increased permeability of
cells as to increased vascular dilatation. Absence of such effect with the late
Grenz ray erythema confirms again the clinical impression of the basic difference
between the two erythemas.
C. The type of vehicle used for incorporation of the hormone
C14-hydrocortisone was incorporated into 1 % hydrocortisone containing oint-
ments made up with 4 different bases. Radioautographs made from biopsies
done at two and six hour points after the application of these various bases failed
to reveal any gross alteration in absorption of the hormone with variation of the
vehicle. Figure 5 illustrates this point for the two hour period. The similarity
persisted in the six hour period as well. One must surmise therefore, that the
differences noted clinically with hydrocortisone in various ointment bases is de-
pendent not so much on the hormone content and activity as on the reaction of
the patient's skin to the particular base employed.
We are not able, on the basis of these experiments, to draw any final conclu-
sions as to the ultimate disposition of hydrocortisone in the tissues. Firstly, there
were relatively too few biopsies, secondly, little quantitation was possible. How-
ever, conclusions drawn from experiments with stable hydrocortisone (6) have
been corroborated—absorption occurs fairly rapidly through the epidermis, and
the effects consequent to this penetration begin within a few hours after its
application and last for the interval necessary for absorption of the hormone into
the systemic circulation.
Whilst we may not be permitted to draw any further conclusions from these
experiments it may be in order to indulge in some speculation as to the meaning
of the observations made. The most striking finding is the preferential accumula-
tion of the radioactive material in the basal layer of the epidermis. Although we
can not state whether the substance visualized is the unaltered hydrocortisone
containing the C14, or merely the C14 already released from the hormone mole-
cule, it appears evident that the basal layer is a center of metabolic activity.
Another observation of interest is that the time interval necessary to obtain
maximal concentration in the basal layer of the C14 corresponds with the time
interval reported as optimal for the anti-inflammatory effect of the hormone if
topically applied (6). Since this is the case, the possibility is suggested that the
basal layer is a major factor in the evolution of cutaneous inflammation. It is
difficult to venture a conjecture as to the particular phase in the development
of inflammation at which the metabolic activity of the basal cells may assert
itself. There is some evidence to suggest that the anti-inflammatory action of
the steroids is being effected through the prevention of a cellular reaction to the
secondary products of inflammation (6).
This would suggest that the basal cells, where the hormone tends to accumu-
late, are involved in the propagation of the process of inflammation. There is
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FJG. 5. This figure was designed to compare the penetration of C'4-hydrocortisone
through normal skin when incorporated in four different vehicles. In order, there are: A)
a hydrophilic oily base, B) a water-in-oil emulsion, C) an oil-free base, and ID) a lotion
with 85% water. The formulae are described in the test. No demonstrable differences.
still the possibility, however, that these cells serve to initiate inflammation by
their biochemical response to trauma, despite the current theories which place
the initiation of inflammation of the skin in the mesenchyme.
SUMMARY
1. C'-tagged hydrocortisone has been used as a tracer incorporated into an
ointment base containing 1 % stable hydrocortisone, applied to the normal skin
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of human volunteers, following which biopsies were performed at varying time
intervals.
2. After one hour, radioactive material was visualized in the epidermis, by
two hours the tracer material had concentrated in the basal layer. After six
hours the C'4 was identified in the cutis about blood vessels, whilst it had dis-
appeared entirely from the skin after sixteen hours.
3. Experiments done to compare the penetration of the C'4-hydrocortisone
through normal skin with that through hyperkeratotic, lichenified areas showed
that the material failed to enter the epidermis of the latter by two hours, but
had done so after six hours. Its penetration appeared therefore, to be much
retarded by this alteration.
4. Application of the tagged hormones to irradiated (Grenz or ultraviolet)
skin resulted in more rapid penetration before and during the early erythema,
but no difference from normal during the late erythema was noted.
5. Comparison of the rate of penetration of the radioactive material if applied
in four different vehicles failed to reveal any major difference dependent on the
base used.
6. Despite the relatively small numbers of biopsies taken it is believed that
two features have been definitely demonstrated—-first, the epidermal penetration
of hydrocortisone has been illustrated, and secondly, its temporary concentra-
tion in the basal layer of the epidermis has been shown. A suggestion was made
on the basis of this latter finding, as to the function of the basal layer in inflam-
mation.
7. The assumption of a preferential penetration of topically applied hydro-
cortisone through follicular structures is not substantiated by these experiments.
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